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Why Terramechanics?

Terramechanics

Robotic 

systems

Engineering science that studies the interaction between robotic 

systems and complex deformable terrain

Mechanics 

of porous 

materials

Landing

Sampling

Mobility



Why Terramechanics?

Spirit Mars Rover InSight Mars Lander

Rover entrapment in loose

regolith

HP3 mole penetration anomaly 

in cohesive regolith
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ÅMechanical testing of hardware
ÅLanding, sampling, mobility, etc.

ÅModeling

ÅTo understand the geological history of the material

Why Do We Need Analogs?

ÅChemical properties

ÅMechanical properties Ą Scale dependent
ÅParticle size distribution, particle shape, particle density, 

internal friction angle, cohesion, etc.

Types of Analogs

Bound 

the 

problem



Today®s roadmap

ÅRegolith Properties at the InSight Landing 
Site on Mars

ÅRegolith Geotechnical Characterization using 
the Perseverance Rover Abrading Bit

ÅMechanical Properties of Ice Plume Deposit 
Analogs of Enceladus and Europa



NASA InSight Mission
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InSight Mission & Regolith Properties
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Regolith-Scoop Interactions Near HP3

h

Potential 

failure surface

ʲ

Assumptions:

ÅPlane strain conditions

ÅHomogeneous material

ÅMohr-Coulomb failure criterion at 

the failure surface
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Shear strength 

of the regolith

Potential 

failure surface

Pressure applied 

by the scoop

Weight of the 

regolith 

wedge

Parameters

Slope height h [m]

Slope inclination ɓ[°]

Scoop force Fz [N]

Ã= cohesion [Pa]
‰= angle of friction [°]
ʎ= normal stress on the 

potential failure surface [Pa]
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Regolith Mechanical Properties

Assumptions:

ÅPlane strain conditions

ÅHomogeneous material

ÅMohr-Coulomb failure criterion at the failure surface
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For critical equilibrium, the 

cohesion is given by:



Lower bound

Cohesion c > 1.5 - 2 kPa

For ‰= 40-30°

Regolith Mechanical Properties

Scoop-regolith interactions near the HP3 mole has 

improved our estimates of the regolith cohesion c for 

given values of the internal friction angle ‰
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Mars 2020 Perseverance Rover
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Regolith Geotechnical Characterization 

using the Mars 2020 Abrading Bit

The design of the Mars 2020 abrading 

bit is analogous to that of a Bevameter

Ą no changes to hardware or software 

designs are necessary

Goal : demonstrate the use of the 

Mars 2020 abrading bit tool to perform 

terrain strength measurements

New knowledge and capabilities:
ÅAccurately predict rover mobility performance
ÅProduce mobility, sampling, and ISRU analogues based on measured, 

quantitative data
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